Background: Microcin E492 is a low molecular weight channel-forming microbial toxin that is produced by some Klebsiella pneumoniae strains. This peptide is active in some strains of Enterobacteriaceae family, and it has different applications in medicine. Objectives: The present descriptive analytical study was carried out to determine the presence of Klebsiella pneumoniae with gene encoding Microcin E492 in clinical specimens isolated from patients registered in two hospitals in Isfahan, Iran.
Background
Klebsiella pneumoniae is an opportunistic pathogen commonly found in the environment and can colonize and infect both plants and animals. It is a leading cause of hospital-acquired infections. Widely, it can be carried asymptomatically in the intestinal tract, skin, nose, and throat of healthy individuals, but it can also cause a range of infections in hospitalized patients, most commonly pneumonia, wound, soft tissue, or urinary tract infections. Its infections are particularly a problem among neonates, the elderly, and those with immunodeficiency [1, 2] . Because they survive in the environment and their competition with other microorganisms for resources, bacteria produce antimicrobial compounds to inhibit or kill other competing strains. All bacteria produce some types of antimicrobial compounds, and we need to find the right indicator strains and growth conditions to diagnose them. The antimicrobial peptides are just one of the many classes of antimicrobial compounds. Based on their biosynthetic mechanisms, the antimicrobial peptides are divided into two groups, the bacteriocins and the antibiotic peptides. Bacteriocins are synthesized by ribosomes in bacteria that are active against closely related strains. One of these peptides, microcin E492, is a highly hydrophobic molecule with 5 kDa molecular weight [3] [4] [5] .
The bacteriocins produced by Gram-positive bacteria are divided into two groups based on molecular weight, the colicin-type (high molecular mass, 25 -80 kDa) and the microcins (low molecular mass, < 10 kDa). The mechanisms wich those bacteriocins perform are diverse, and include pore-formation, DNAses, RNAses, inhibitition of protein synthesis or DNA replication, etc [6, 7] .
Bacteriocins secreted by producer strain include varied classes of proteins with toxic effects on closely related gram negative strains. Microcins are presently divided into two classes. Class I comprises three plasmid-encoded peptides with a molecular weight under 5 kDa that have widespread post-translational modifications: microcins J25, C (called C7, C51 or C7/C51), and B17. Class II microcins [8, 9] . Microcin E492, produced by a strain of Klebsiella pneumoniae, has low-molecular-weight (7.887 Da) with channelforming features. This microcin is able to form amyloidlike fibrils that can be used as an anti tumoral agent. These fibrils can be used as stable sources to steadily release of biologically active molecules [10, 11] . In the present study, this question is answered: How many of Klebsiella pneumoniae strains isolated from hospitals contain microcin E492 and what is the frequency? In the present study, determination of the presence and detection of the gene encoding microcin E492 in Klebsiella pneumoniae strains isolated randomly from hospitals in Isfahan Province of Iran, were studied. This experimental study was done during the year 2013.
Methods

Sampling and Bacteria Isolation
This interventional-descriptive study was performed to evaluate the frequency of Klebsiella pneumoniae producing microcin E492 in clinical specimens of burn wounds, urine and respiratory tracts of patients registered in Isfahan hospitals. For this purpose, forty-five isolates of Klebsiella pneumoniae were recovered from burn wounds, urines, and respiratory tract of patients, 15, 20, 10 clinical specimens respectively, from patients by random. The isolates were identified by conventional biochemical and standard microbiology tests including colonial morphology (Eosin methylene blue, Macconkey agar 37c/24 hours) [12] , TSI, SIM, and Simon citrate agar [13] [14] [15] .
DNA Extraction
Total DNA was extracted from different cultured bacterial isolates by DNA extraction Talizol-D kit (Tali Gene Pars Company, Iran) according to the prepared manual. Extracted DNA was qualified by using 1.5 % agarose gel electrophoresis.
Amplification of Microcin E492 Gene
A hot start polymerase chain reaction was optimized for screening of the microcin E492 gene using specific primers (Table 1 ) designed for gene encoding microcin E492 with access number "AF063590.3" in the national center for biotechnology information (NCBI) genome data bank. The primers were qualified and analyzed by using the Gene Runner v4.0 software [16, 17] . PCR reactions were carried out with 0.1 mg/µL of the DNA template, 0. (Table 2) . Amplification was carried out in a thermal cycler (Applied Biosystem, 2720) with the following thermal cycling conditions: 5 minutes at 94°C and 30 cycles of amplification consisting of 45 seconds at 94°C, 45 seconds at 64°C, and 30 seconds at 72°C, with 5 minutes at 72°C for the final extension. PCR products were analyzed by electrophoresis on a 1% agarose gel at 85V for 45 minutes. DNA bands visualized by green viewer (Merc) staining and following UV detection.
Sequencing Method
The PCR purification kit (Thermo scientific Co., USA) was used to purify PCR products, and sequencing was performed by Faza biotech company (Iran) using forward and reverse specific primers.
The nucleotide sequences were analyzed with Chromasv2.1.1 software (http://technelysium.com.au/) and finally homology analysis was performed by application of BLAST server (http://www.ncbi.nlm.nih.gov/BLAST).
Results
Forty-five clinical specimens were collected from burn wound, urine, and respiratory tract of patients (15, 20 , and 10, respectively) registered in hospitals in Isfahan, Iran. Of the 45 clinical specimens, 20 (44.4 %) contained Klebsiella pneumoniae.
DNA Extraction from Klebsiella pneumoniae
After the initial diagnosis of Klebsiella pneumoniae, genomic bacterial DNA was extracted and applied in a 1% agarose gel electrophoresis (Figure 1 ).
Electrophoresis of PCR Products
PCR products were run in 1% agarose gel electrophoresis. As shown in Figure 2A , the PCR products fragment of the amplicon have a size of 277 bp (Figure 2) . In order to purify the initial PCR product, DNA gel extraction kit (Fermentase #K0512) was used, and the purified PCR product ( Figure 2B ) was sequenced.
Sequencing
In order to confirm the data, purified PCR products harbor microcin E492 were sequenced. The homology of nucleotide sequences was analyzed with Chromas v1.45 software and the BLAST server (http://www.ncbi.nlm.nih.gov/BLAST).
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Statistic of Analysis of Microcin E492 Gene
This descriptive statistic of analysis showed a notable prevalence of microcin E492 gene in Klebsiella pneumoniae isolated from the patients (Figure 3 ). 20 clinical specimens of the total of clinical specimens were infected with Klebsiella pneumonia (about 44%). We detected microcin E492 in about 40% of K. pneumoniae isolates (8 cases of 20 infected cases): 1 (5%) of the burn wound, 4 (20%) of urine and 3 (15%) of the isolates were respiratory tracts. Thus, all the strains that had been diagnosed by phenotypic methods were approved.
Discussion
In this study, microcin E492 gene from Klebsiella pneumoniae was screened by using PCR in 45 clinical specimens of patients. Sequencing confirmed the fidelity of amplicon. Results showed a high prevalence of Klebsiella pneumoniae strains harboring this gene, which can be an explanation of these bacteria being a common microbial flora in some of Iran's hospitals. More experiments and research in the sources of the microorganisms were carried out, Extraction and separation of microcin E492 gene were also carried out by using standard already prepared strains. For example, the study was done by De Lorenzo et al., The effect of microcin produced by Klebsiella pneumoniae on E.
coli in a co-culture condition confirmed the sensitivity of Escherichia coli to microcin. They used various culture for microorganisms but prepared microcin by M9 melted soft agar medium, and finally filtered supernatants [18] . In contrast, we used 45 clinical specimens of patients for conventional biochemical and standard microbiology tests in initial identification. Microcin E492 is a low molecular weight antibiotic peptides produced by Enterobacteriaceae with a Hetz et al. (2002) found that microcin E492 has a cytotoxic effect, low molecular weight, and formation of the channel was produced by strains of Klebsiella pneumoniae. Induction of apoptosis by microcin E492 due to the calcium ion released from intracellular stores. Moreover they found out a specific interaction between bacteriocin and the components of the target cell surface. Microcin amino acid sequence analysis showed that microcin E492 belongs to a new class of bacteriocin pore-forming. They extracted and purified microcin E492 from supernatant cultures of E. coli VCS257pJEM15 by M9 medium, and then purified it by HPLC method [19] . Therefore in our study, we extracted microcin E492 from Klebsiella pneumonia directly.
De Lorenzo et al. found out that the pure product characteristics revealed that microcin E492 is a hydrophobic peptide with molecular weight about 5kD, resistant to heat and acid. Microcin E492 is produced and is active in Gramnegative strains: E. coli, Klebsiella, Salmonella, Citrobacter, Enterobacteror erwinia but it is not produced in Shigella, Pro-
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teus, Serratia or Pseudomonas. Furthermore, the sensitivity of some non-agglutinable type strains of Vibrio was observed at high concentrations of microcin. In his study, Klebsiella pneumonia RYC492 was used to detect microcin E492 and HPLC method was used to purify it [20] . Because the majority of studies available, used a limited number of samples, this study cannot be statistically compared with the other research findings.
In this study, because of the high importance of microcin E492 in medicine, we focused on its prevalence in bacteria isolated from hospitals. Past and ongoing researches on antimicrobial peptides have shown that these compounds have a great potential to be used in food and medical industries. Discoveries of new antimicrobial peptides and the understanding of the biological process involved in the synthesis, immunity, and regulation of antimicrobial peptides, should play a role in this field, with emphasis on practical applications in the industry [3] . In this study, we isolated Klebsiella pneumoniae strains from the burn wounds, urine and respiratory tract in more than 40% of patients' clinical specimens. In the next step, we screened the Microcin E492 in these isolates. Our result can support high prevalence of Klebsiella pneumoniae in hospital infections. In other words, K. pneumoniae can use microcin E492 as a weapon against other microbial flora. As reported in this study, existence of microcin gene in Enterobacteriaceae can develop them to a dominant microbial flora in human body. In addition, based on the results obtained in this study and the problem of resistance to beta-lactam agents and third generation cephalosporins, which are the most effective broad-spectrum antibiotics in the treatment of many infectious diseases, this is a serious problem for the development, and we also need to replace the new antibiotics.
Conclusion
Our results showed that 40% of patients' clinical specimens were infected with Klebsiella pneumonia, an inevitable outbreak of infections in some hospitals of Iran. High prevalence of microcin gene in these bacteria can result in a diminishing native microbial flora. Since exchange of microcin is in an extra genomic manner, focusing on this phenomenon is a necessary goal of future researches.
